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ABSTRACT 



There is disclosed a liquid crystal display device comprising 
two substrates facing and spaced from each other, at least 
one of the substrates being transparent, electrodes positioned 
to establish an electric field in the space between the two 
substrates, one or more spacer elements located between the 
substrates, the spacer elements having been introduced 
between the substrates during assembly of the device, an 
electrooptic material filling at least a portion of the space 
between the two substrates, and a polymeric material filling 
at least a portion of the space between the substrates, the 
polymeric material comprising a liquid prepolymeric mate- 
rial that was applied to the spacer elements in liquid form 
and having been polymerized in situ after the spacer ele- 
ments were in place between the substrate. 

32 Claims, 3 Drawing Sheets 
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3. The method of claim 1, wherein the step of applying a 16. The method of claim 14, further comprising rubbing 
pre-polymeric material to spacers comprises mixing spacers the polyimide surface to develop an alignment layer for the 
into the pre-polymeric solution in a concentration of about liquid crystal cell 

1:2 wt/wt to form a pre-polymer/spacer mixture. 17. The method of claim 1, further comprising surface 

4. The method of claim 3, wherein the step of mixing 5 etching glass spacers to create the spacers having polymer- 
comprises mixing the spacers in the pre-polymer solution ization initiating and/or enhancing (PIE) material on or 

, . via ultrasonic mixing. therein. 

CU^**^ i 5. The method of <4«»^whcrein the step of applying If ""^^^^ "^^^"^^^ step of surface 

comprises spraying the pre-polymer/spacer mixture onto at etching glass spacers comprises surface etching glass spac 

one of the inner surface of the first substrate and the inner lO '^iJ'^f ^el3'oTck^^^^ therS die sle^of surface 

surface of the second substrate. etching compris^ ^^i^g'a"^^^^ 

6^TTiemeihodofcIami 5.wheremthepre.polyi^^ lucric acid for about 10 minutes while suspended in a 

mixture is sprayed such that a surface density of the spacers ^^^^^^^ ^ ultrasonic vibration tank. 

IS about 30 spacers/mm . 20. The method of claim 17, further comprising coaling, 

7. The method of claun 6, wherein the step of applying 15 after washing, the etched spacers with a mixture of an 
comprises using micro-filtered compressed nitrogen at adhesion promoter and at least one of the photoinitiator and 
approximately 10-30 psi is used as a propellant to spray the the accelerator lacquer initiator by immersing the etched 
pre-polymer/spacer mixture onto at one of the mner surface spacers into a solution containing the adhesion promoter and 
of the first substrate and the inner surface of the second at least one of the photoinitiator, the accelerator initiator and 
substrate. 20 an accelerant. 

8. The method of claim 7, further comprising adjusting at 21. The method claim 20, wherein the adhesion promoter 
least one of pressure, viscosity of the pre-polymer/spacer is a silane. 

mixture, relative concentrations of spacers and pre- 22. The method of claim 21, wherein the adhesion pro- 
polymeric material and nozzle orifice shape to achieve a moter is metbacrylate silane. 

pre-polymer coaling individual spacers. 25 23, The method of claim 22, wherein the accelerant is a. 

9. The method of claim 8, wherein cither or both of the tertiary amine. , . , . , 

first substrate and the second substrate with the pte-polymer/ "^^^^""^ "^^'"^ "^^^'^"^ ^"^'^'^ ^ 

spacer mixture is exposed to heat to remove solvents from dimcthjd amino benzene. 

the ore Dolvmer/sDa«r mixture method of claim 1, wherem the spacers comprise 

10. The method of clam. 9. fimher comprising curing the 30 P°™^ P/^^Jf '^'^ '^'^'^'^ P""*^ 

pre-po^mcr/spacer mature . 26/^6 method of claim 1, wherem the spacers comprise 

U. me method ot claim 8 wheiem at least a portion of hi„h.surfa«. 

area particles that are nanporous. mesoporous, 

the spacers extend a distance between the inner surface of or microoorous 

the first substrate and the inner surface of the second 27. The method of claim 1, wherein the solid polymeric 

^1 15' ^ J . . . ^ . ^ . . material is at least one of an acrylic adhesive, epoxies and 

12. The method or claim 1, further compnsmg coating, ure thanes 

with a vapor barrier, an outside surface of the first substrate 28. The method of claim 1, wherein the in solid polymeric 

and an outside surface of the second substrate. ^^^^^^ ^ ^^^^^^^ 

13. The method of claim 12, further comprismg coating a 29. The method of claim 1, wherein the step of depositing 
layer of a transparent conductor on the first sutetrate and the 40 ^ pre-polymer mixture comprises depos- 
second substrate, wherein the transparem conductor is pat- ^ ^ ^ ^ ^ pre-polymer mixmre comprising of 
terned via at least one of chemical beam etchmg, electron ^^^^ photoinitiator and/or accelerator lacquer initiator 
beam etchmg and laser etching. pre-polymer and about 90% liquid crystal material. 

14. The method of claim 13, further compnsmg: ^^^^^^ ^^^^ ^ l^^^^^ A^^^le polymer 
coating, with a polyimide soluUon, at least one of the first 45 material of the first substrate and the second substrate is 

substrate and the second substrate coated with the polyethersulphone. 

transparent conductor; and 31. jhc method of claim 1, wherein the substrate has a 

baking at least one of the first substrate and the second glass transition temperature greater than 150^ C. 

substrate to form a polyimide surface on thereon. 32. The method of claim 1, wherein the step of laminating 

15. The method of claim 14, wherein the step of baking together the first substrate and the second substrate to form 
comprises baking the first substrate and the second substrate a liquid crystal cell is performed at about room temperamre. 
are baked for about one hoiu^ at a temperature of about 150® 

C. * * « « « 
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Electrooptical Displays Constructed with 

Polymer-Coated 
Elements Positioned Between Substrates 

Background of the Invention 

5 This invention relates to liquid crystal and other electronic displays. 

Commercially, it is highly desirable for an electronic display to be as thin and light as 
possible while still maintaining a high degree of ruggedness and imperviousness to forces 
that are a consequence of shock and drop. In flie area of mobile electronics, such as cell 
phones and personal digital assistants ^DAs), size and weight are critical factors to the 

10 commercial success of a product, but currently breakage of the displays within these devices 
remains the primary cause of repairs and product returns. In addition, the need for electronic 
displays that can actually be bent has been acknowledged in several areas: so-called 
'electronic paper' in which fiber paper is replaced with a display would be much more 
compelling as a product if the electronic display could be rolled up or folded like traditional 

1 5 paper; wearable electronics such as computers or multifunction watches would be much more 
comfortable to the wearer if the display were to conform to the user's body; chip cards which 
have strict flexure life-test performance standards would be able to incorporate flexible 
displays and still conform to those standards. Replacement of the glass substrates within 
displays with plastic fihn has been an area of active reseaix;h within the display community 

20 for a number of years. 

Electrophoretic displays achieve images via electrophoretics~the rapid migration of 
microparticles in colloidal suspensions. Light scattering particles are moved within a dyed 
colloidal suspension by electrostatic forces. The particles will either move toward the viewer, 
in which case, the typically white particles are seen by the viewer, or to the surface away 

25 from the viewer, in which case, the white particles will be hidden by the dark dye. 

Cholesteric displays are another display technology being attempted on plastic 
substrates. When sandwiched between conducting electrodes, cholesteric liquid-crystal 
material can be switched between two stable states~the so-called focal conic and planar 
states~in which the liquid crystal's helical structures have different orientations. In the focal 

30 conic state, the helical structures are unaligned and the liquid crystal is transparent In the 

1 " 
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prepolymer in concentrations higher than what would be desired in regions of the display that 
are active image areas; the mixture is then deposited onto the substrate via printing or pipette 
methods into the interpixel regions or the perimeter where no image is presented, thus 
provided additional support without adversely affecting the image contrast or quality. The 
initiator may be solely heat activated or heat activated as well as photo-activated or other 
activation method. The polymer is chosen so as to contract following initial bonding to the 
substrates and upon curing; the two substrates are thus drawn together, increasing durability 
of the display; this is particularly effective when the polymer is localized around the spacer 
element, as has been previously described. The spacer element may be one or more sheets of 
an extensible porous membrane that when laminated in between the substrates is the element 
that determines the spacing between the substrates. One or more of the substrates may be of 
glass or other rigid material. 

Other embodiments of the invention are within the following claims. 

What is claimed is: 
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1 . A liquid crystal display device, comprising: 

two substrates facing and spaced from each other, at least one of the substrates being 
transparent; 

electrodes positioned to establish an electric field in the space between the two 
5 substrates; 

one or more spacer elements located between the substrates, the spacer elements 
having been introduced between the substrates during assembly of the device; 

an electrooptic material filling at least a portion of the space between the two 
substrates; and 

10 a polymeric material filling at least a portion of the space between the substrates, the 

polymeric material comprising a liquid prepolymeric material that was applied to the spacer 
elements in liquid form and having been polymerized in situ after the spacer elements were 
in place between the substrates. 

16 2. A method of manufacturing a liquid crystal display device, comprising: 

introducing spacer elements between two substrates that face each other, at least one 
of the substrates being transparent; 

applying a liquid prepolymeric material to the exterior surfaces of one or more spacer 
elements before or after introduction of the spacer elements between the substrates; 
20 positioning electrodes to establish an electric field in the space between the two 

substrates; 

filling at least a portion of the space between the two substrates with an electro-optic 
material; and 

polymerizing the liquid prepolymeric material in situ to form solid polymeric material 
25 filling at least a portion of the space between the substrates. 

3. The subject matter of claim 1 or 2 wherein the polymeric material is in the vicinity 
of the spacer elements. 

30 4. The subject matter of claim 1 or 2 wherein the liquid prepolymeric material is 

applied to the spacer elements prior to their introduction between the substrates. 

18 
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5. The subject matter of claim 1 or 2 wherein the liquid prepolymeric material is 
applied to the spacer elements after their introduction between the substrates. 

5 6. The subject matter of claim 3 wherein the liquid prepolymeric material is encased 

in a collapsible shell surrounding at least some of the spacer elements. 

7. The subject matter of claim 1 or 2 wherein the liquid prepolymeric material 
comprises one or more of the following: monomer, oligomer, inhibitor, adhesion promoter, 

1 0 polymerization initiating or enhancing (PIE) material 

8. The subject matter of claim 1 or 2 wherein the liquid prepolymeric material has a 
viscosity equal to or less than 2,000,000 centipoise. 

1 5 9. The subject matter of claim 1 or 2 wherein a polymerization initiating or 

enhancing (PDB) material is brought into contact with the liquid prepolymeric material. 

10. The subject matter of claim 9 wherein the PIE material is brought into contact 
with the liquid prepolymeric material in one of the following ways: it is mixed with the 

20 liquid prepolymeric material applied to the spacer elements; it is carried on or within the 
spacer elements; it is dissolved or suspended in the electrooptic material. 

11. The subject matter of claun 10 wherem the liquid prepolymer material and the 
PIE material are both encased in a collapsible shell surrounding at least some of the spacer 

25 elements. 

12. The subject matter of claim 9 wherem the polymerization in-situ comprises 
initiating polymerization by application of light. 

30 13. The subject matter of claim 1 or 2 wherein the liquid prepolymeric material is a 

thermoset material, and the polymerizing in situ comprises the application of heat. 

19 



